Effects of exercise and insulin on mitogen-activated protein kinase signaling pathways in rat skeletal muscle.
Studies in mammalian cells have established the existence of at least three distinct mitogen-activated protein kinase (MAP kinase) signaling pathways that are activated by a variety of growth factors and/or environmental stressors. We determined whether physical exercise, a physiological stressor, and insulin, a metabolic stimulator and growth factor, activate the c-jun NH2-terminus kinase (JNK), the p38 kinase, and/or the extracellular regulatory kinases (ERK; p42MAPK and p44MAPK) signaling pathways in rat skeletal muscle. Animals were studied immediately after running on a motorized treadmill for 10-60 min (20 m/min, 10% grade) or 5-30 min after an intraperitoneal injection of insulin (20 U/rat). Exercise increased skeletal muscle JNK activity by two- to threefold throughout the time course studied, whereas insulin did not significantly increase JNK activity. The p38 activity was slightly stimulated by exercise and not by insulin. The ERK kinase pathway, as assessed by ribosomal S6 kinase-2 activity assays and phosphospecific p42MAPK/p4NAPK immunoblotting, was stimulated by both exercise and insulin. These data are the first demonstration of exercise stimulating multiple intracellular signaling pathways in skeletal muscle. Activation of these MAP kinase signaling pathways may mediate changes in skeletal muscle growth and metabolism that occur in response to exercise.